Background: Currently, little is known regarding the association of metabolic comorbidities and disability among multiple sclerosis (MS) patients. Objectives: To evaluate insulin resistance (IR) and metabolic syndrome (MetS) in multiple sclerosis patients and their effect on disease progression and disability. Subjects and methods: This case-control study was conducted on 50 MS patients and 25 healthy individuals. They were subjected to clinical evaluation and laboratory assessment for metabolic syndrome and insulin resistance. The homeostasis model assessment (HOMA) was used as a measurement of insulin sensitivity. Disability was evaluated by the Extended Disability Status Scale (EDSS). Results: As compared to control group, MS patients had a significantly higher prevalence of metabolic syndrome (22% vs 8%, p = 0.04) and insulin resistance (46% vs 0%, p < 0.001). Patients group had significantly higher systolic blood pressure (p = 0.005), waist circumference (p < 0.001), fasting blood sugar (p < 0.001), insulin level (p = 0.001), low-density lipoproteins (p = 0.01), triglycerides (p = 0.02), HOMA-IR (p < 0.001), and significantly lower high-density lipoproteins (p = 0.01). No differences in neurological disability was reported between patients who have MetS (p = 0.7) or IR (p = 0.3) and those who do not. Conclusion: Insulin resistance and metabolic syndrome are more prevalent among MS patients; however, their association with disability and disease progression is questionable.
Introduction
Multiple sclerosis (MS) is the most common nontraumatic cause of neurological disability in young adults in developed countries [1] . Metabolic syndrome (MetS), by definition, is not a disease, but is a clustering of individual risk factors for disease, giving the attention of the clinician to the probable coexistence of multiple cardiometabolic risk factors in patients when one of the components is found [2] . Metabolic syndrome is a multiplex risk factor that arises from insulin resistance (IR) accompanying abnormal adipose deposition and function [3] . From the existing studies, it is still unclear whether the increased risk of cardiovascular disease is related to an increased risk of hypertension, dyslipidemia, obesity, changes in body composition, or type II diabetes in MS patients, indicating the need for advanced research in this field if we are to advise MS patients adequately in avoiding preventable or potentially modifiable comorbidities [4] . Adiposity and IR are important pathophysiological mechanisms underlying atherosclerosis, but until now, little is known about their association with disease progression and disability in patients with MS. Additionally, IR prevalence in individuals with MS has not been determined yet [5] . The aim of this work is to evaluate insulin resistance and metabolic syndrome in multiple sclerosis patients and their potential effects on disease progression and disability. Preliminary results have been presented as a poster in ECTRIMS Paris 2017 and were published in the conference proceedings [6] .
Subjects and methods
This case-control study was conducted on fifty patients with multiple sclerosis from all types (relapsing-remitting, primary progressive, and secondary progressive) fulfilling the revised McDonald's Criteria for diagnosis of multiple sclerosis 2010 [7] . They were recruited from Neurology Department, Beni-Suef University Hospital and Kasr AlAiny Multiple Sclerosis Unit (KAMSU), Cairo University. Patients group included 34 females (68%) and 16 males (32%) whose age ranged from 24 to 48 years. Twenty-five healthy volunteers matched for age and sex were included as a control group. We had excluded patients with diabetes mellitus, hypertension, cardiac disease, alcoholic patients and those who were on a specific diet. We had also excluded patients using any anti-inflammatory drugs, cholesterol-lowering agents, estrogen replacement therapy, steroid therapy or other drugs that could affect the metabolic profile. The study was approved by the institutional review board of Beni-Suef University. An informed consent has been obtained from all patients upon enrollment in the study.
Clinical evaluation
Blood pressure measurement: systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured. The mean of two BP measurements, taken with a 1-min interval between them after participants had been seated, was used for the statistical analysis [8] . Waist circumference (WC) was measured with a soft tape on standing patients midway between the lowest rib and the iliac crest [9] . Expanded disability status scale was used as a measure of disability in MS group [10] .
Laboratory work
Peripheral blood samples from patients and control groups were collected with Na fluoride as an anticoagulant for blood glucose and without anticoagulant for the rest of the tests after fasting. All of the samples were immediately centrifuged at 3000g for 15 min and separated into aliquots. Routine tests were done immediately but the rest of sera were stored in the freezer (−80C) until use for measuring fasting insulin. Total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), fasting glucose and fasting insulin levels were evaluated. The homeostasis model assessment (HOMA) was used as a measurement of insulin sensitivity [11] . HOMA for insulin resistance (HOMA-IR) was calculated using the following equation: insulin fasting (mU/mL) × glucose fasting (nmol/L)/22.5. Patients were considered to have insulin resistance when the result of HOMA-IR was > 2.5. Patients were assessed for metabolic syndrome using National Cholesterol Education Program's Adults Treatment Panel III (NCEP-ATP III Criteria) which requires combination of three or more of the following criteria to confirm the diagnosis of MetS: abdominal obesity (waist circumference): men > 102 cm (> 40 in), women > 88 cm (> 35 in), triglycerides ≥150 mg/dL, blood pressure ≥ 135/≥85 mmHg, fasting glucose ≥ 100 mg/dL, and HDL cholesterol: men < 40 mg/dL, women < 40 mg/dL [12] .
Statistical analysis
Data were statistically described in terms of mean standard deviation (SD), range, and 95%CI or frequencies (number of cases) and percentages when appropriate. A comparison of numerical variables between the study groups was done using Student t test for independent samples in comparing 2 groups of normally distributed data and Mann Whitney U test for independent samples for comparing non-normal data. Within-group comparison of numerical variables was done using paired t test. For comparing categorical data, Chi-square [2] test was performed. Exact test was used instead when the expected frequency is less than 5. Correlation between various variables was done using Spearman rank correlation equation. p values less than 0.05 were considered statistically significant. All statistical calculations were done using computer program SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) release 15 for Microsoft Windows (2006).
Results

Demographic and clinical characteristics of the participants
Demographic and clinical characteristics of the participants are presented in Table 1 .
Comparative results
MetS components and insulin resistance
As compared to the control group, MS patients had a significantly higher prevalence of metabolic syndrome (22% vs 8%, p = 0.04) and insulin resistance (46% vs 0%, p < 0.001). As regards the components of MetS, 30% of the MS group had fasting glucose ≥ 100 mg/dL (p < 0.001), 30% had blood pressure ≥ 130/85 mmHg (p < 0.001), 14% had triglycerides ≥ 150 mg/dL (p < 0.001), 34% had HDL-C < 40 mg/dL in men or < 50 mg/dL in women (p < 0.001), and 38% had waist circumference ≥ 102 cm in men or ≥ 88 cm in women (p < 0.001) ( Table 2 ). Patients group had significantly higher numerical values of systolic blood pressure (p = 0.005), waist circumference (p < 0.001), FBS (p < 0.001), insulin level (p = 0.001), LDL (p = 0.01), triglycerides (p = 0.02), HOMA-IR (p < 0.001), and significantly lower HDL (p = 0.01) as compared to control group (Table 3) .
HOMA-IR was abnormal in 46% of MS patients while 54% of the patient and 100% of the control had normal values. This difference was statistically significant (p value < 0.001) ( Fig. 1) .
No differences in neurological disability as measured by the EDSS was reported between MS patients who have MetS (p = 0.7) or insulin resistance (p = 0.3) and those who do not (Table 4 ). Moreover, significant differences between the 2 groups in the individual components of MetS were not associated with the significant difference in disability (Table 4 ).
Discussion
The results of our study revealed a significantly higher prevalence of metabolic syndrome (22%) and insulin resistance (46%) among MS patients as compared to healthy control. Our results are matching with Pinhas-Hamiel and colleagues, who found that 30% of MS patients had metabolic syndrome [13] . Another study also reported higher values of insulin and HOMA-IR in MS patients [14] .
If we analyze the results of the individual components of MetS, 30% of our MS group had fasting glucose ≥ 100 mg/dL, 30% had blood pressure ≥ 130/85 mmHg, 14% had triglycerides ≥ 150 mg/dL, 34% had low HDL-C, and 38% had high waist circumference (≥ 102 cm in men or ≥ 88 cm in women). These results are comparable to a previous study that found that 56.1% of disabled MS patients had central obesity by waist circumference, 27.7% were treated for hypertension, 17.7% had elevated blood pressure, 35.5% had fasting hyperglycemia, 26.1% had elevated TG level and 28% had low HDL-C [13] . We found that metabolic syndrome components and insulin resistance were not associated with disability in MS patients. Several studies showed conflicting results as regard this association. Some studies found no difference in EDSS between MS cases with and without metabolic syndrome [13, 15] . Others showed that insulin and HOMA-IR were associated with progressive disability [14] .
Increased prevalence of overweight and obesity among patients with MS has been reported [16] [17] [18] . A previous study showed that MS patients had increased adiposity in the form of increased WC and stated that there were statistically significant negative correlations between physical activity levels and WC, indicating that lower levels of physical activity are associated with higher levels of WC [17] . WC is better than Body Mass Index (BMI) in assessment of obesity in disabled patients as BMI may be biased because of changes in the relative proportion of muscle and fat in persons with disability, whereas WC, a measure of central adiposity, may reflect more accurately the relative increase in body fat [19] . Regarding blood pressure, our results showed an increase in systolic blood pressure in patients of MS than control subjects with no statistically significant difference as regards diastolic blood pressure. These findings are supported by Buchanan and colleagues who stated that MS patients had an increased risk of hypertension [20] . In contrast to our findings, Oliveira and colleagues found that MS patients showed higher diastolic blood pressure than control subjects [14] . Sternberg and colleagues also stated that MS patients had lower systolic BP than non-MS patients [21] . In contrast to our results regarding blood pressure and disability in MS patients, Marrie and colleagues reported that hypertension was associated with an increased risk for disability [22] . Regarding the lipid profile, similar to our findings, some studies found that MS patients had higher LDLcholesterol, triglycerides and lower HDL-cholesterol than control subjects [14, 17] while results of other studies demonstrated insignificant differences [23, 24] .
Several studies had demonstrated an association between dyslipidemia and disability in MS patients [14, 22, 25] . Differently from these studies, we did not find such association.
This study has certain limitations that should be mentioned. First, the cross-sectional design. Longitudinal research is needed to confirm the changes in MetS components and their association with further disability. Second, the data regarding the metabolic syndrome components prior to the diagnosis of MS were not available. Third, the effect of prior use of steroids during relapses on components of metabolic syndrome was not studied. Fourth, a number of factors that are known to affect body weight were not studied, such as genetics and family history of obesity, composition of meals, physical activity, and lifestyle.
Conclusion
We concluded that insulin resistance and metabolic syndrome are more prevalent among multiple sclerosis patients but their association with disability and disease progression is still doubtful.
